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The effects of fire intensity on shrub regeneration have been little studied in fynbos . Using the extent of canopy 
damage as a measure of fire intensity, we sampled seedling regeneration of two myrmecochorous species of 
Proteaceae, Leucospermum conocarpodendron and Mimetes fimbriifolius, over low and high fire intensities in 
a burnt area on the Cape Peninsula. The results show that seedling recruitment is strongly and positively 
related to local fire intensity. 
Die effek van brandintensiteit op verjonging van struike is min bestudeer in fynbos. Ons het die hoeveelheid 
kruin wat gebrand is gebruik om brandintensiteit te meet en daarmee die verjonging van twee mier-verspreide 
soorte van die Proteaceae, Leucospermum conocarpodendron en Mimetes fimbriifolius te vergelyk met lae en 
hoe intensiteite in 'n brand in die Kaapse Skiereiland. Die resultate bewys sterk en positiewe afhanklikheid van 
verjonging op brandintensiteit. 
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Introduction 
Although there have been a number of studies on the 
response of fynbos shrubs to fire season (Jordaan 1949; 
Bond et al. 1984; Bond 1984; van Wilgen & Viviers 1985 ; 
Le Maitre 1987 , 1988; Midgley 1989) , and fire frequency 
(Bond 1980; van Wilgen 1981) , very little is known of the 
response of fynbos plants to different fire intensities. For 
many years , fire managers have favoured controlled 
burns under cool , moist , windless weather conditions 
when fires are likely to be most manageable (van Wilgen 
& Richardson 1985). The effects on fynbos regeneration, 
if any, of burning under such conditions rather than the 
hot , dry windy weather more typical of the lightning fire 
season (van Wilgen 1984) are not known. There are, 
however, anecdotal reports of regeneration failure of 
fynbos species with soil-stored seedbanks after 'cool ' 
burns whereas good germination occurs after 'hot ' fires 
(Vlok & Lamb pers . comm. 1986). 
Here we report a field study of the effects of fire 
intensity on seedling recruitment of two myrmeco-
chorous members of the Proteaceae , Leucospermum 
conocarpodendron (L.) Buek and Mimetes fimbriifolius 
Salisb. ex J. Knight. We particularly wished to establish 
whether the low fire intensities characteristic of many 
prescribed burns have an adverse effect on seedling 
regeneration of these species. 
Study area and Materials 
L. conocarpodendron and M . fimbriifolius are both small 
trees up to 5 m in height with dense canopies of broad 
leaves borne on thickly barked branches (Rourke 1972, 
1984) . Both species are myrmecochorous , with seeds 
dispersed and buried by ants (Bond & Slingsby 1983). 
Individuals of both species can survive fire if their 
canopies are not completely burnt since the trunk and 
branches are well insulated by a thick corky bark. 
Regrowth occurs from unburnt shoot apices (not from 
epicormic buds as has sometimes been reported). M. 
fimbriifolius is endemic to the Cape Peninsula but L. 
conocarpodendron also occurs along the Cape Hangklip 
coast (Rourke 1972, Rourke 1984). 
We studied the fire response of these two species on 
the Cape Peninsula , primarily in the Cape of Good Hope 
Nature Reserve (34°15'S 18°15'E). In this area, both 
species occur as widely scattered trees or shrubs on low 
ridges or slopes on white sandy soils (Taylor 1984) . 
Although both species are vegetatively very similar, they 
seem to occur in a 'checkerboard' pattern and seldom 
intermingle in the same stand . 
Methods 
Our first task was to find a suitable measure of fire 
intensity that could be measured after the fire at several 
widely separated points. Fire intensity may be defined as 
the energy output of the fire , which is numerically equal 
to 'the product of available fuel energy and the fire 's rate 
of advance ' (Alexander 1982): 
I=Hwr (1) 
where I is fireline intensity, H is the heat yield , w is the 
mass of fuel consumed and r is the rate of spread. By this 
definition , a high rate of spread would produce a higher 
fire intensity if fuel quantities were the same. The effects 
of fire intensity on vegetation recovery are neglected in 
fire ecology because of the difficulty of measuring heat 
yield and rate of spread during a fire (Alexander 1982; 
Moreno & Oechel 1989) . However equation 1 indicates 
that fire intensity is also proportional to biomass 
consumed. Post-burn assessments of degree of fire 
damage to tree and shrub crowns can therefore be used 
as an indirect estimate of fire intensity (Gill et al . 1986; 
Moreno & OecheI1989) , in some cases decades after the 
fire (Fryer & Johnson 1988) . 
We used post-burn estimates of the amount of green 
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Table 1 Fire damage classes for Leucospermum 
conocarpodendron and Mimetes fimbriifolius canopies 
Class 
IT 
ITT 
Description 
>50% of the canopy survived with living foliage present 
<50% of the canopy survived but living foliage present 
>50% of the canopy with dead leaves, no live foliage 
IV <50% of the canopy with dead leaves present 
V Leaves all burnt and only bare branches remaining 
and dead leaf material in Proteaceae canopies as indirect 
estimates of fire intensity. Moreno & Oechel (1989) have 
shown that a similar method, measuring the size of shoot 
tip diameters on chaparral shrub skeletons after fire, is 
highly correlated with direct measures of fire intensity. 
We surveyed seedling numbers in relation to fire 
intensity in a single large fire which burned 3 000 ha of 
fynbos in the Cape Point Nature Reserve in February 
1986. The fire was a wildfire and considered to be 
generally of moderate to high intensity. However there 
was considerable variation in fire intensity in different 
parts of the burnt area. We laid out plots of 25 x 25 m in 
stands of L. eonoearpodendron and M. fimbriifolius 
situated to represent low and high fire intensities. Plot 
selection was random with respect to seedling regen-
eration. All surviving pre-burn plants or dead skeletons 
of Leueospermum and Mimetes shrubs were assessed for 
canopy damage using the classes indicated in Table 1 to 
measure local fire intensity. 
Fire intensity is not the only factor influencing 
seedling regeneration. The size of the seedbank before 
the fire may vary, particularly in relation to the density 
and size of pre-burn individuals . We recorded both the 
number of shrub skeletons or surviving shrubs and the 
diameter of canopy remains as a measure of shrub size. 
We counted seedlings separately in two patch types 
within each plot: under parents and in 'open' areas 
without large Proteaceae. We also recorded physical 
. . 
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Figure Fuel mass versus fire intensity, Cape Point. Fuel 
mass is measured by the sum of canopy areas for each 25 x 25-
m plot. Intensity is measured by the mean canopy damage 
class (1 = least fire damage, 5 = most fire damage). 
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Table 2 Seedlings under the area of the canopy 
versus shrub size (measured as canopy area). Values 
are geometric means derived from all shrubs censused 
in the study. Statistical test = Mann Whitney 
Species 
Small shrubs 
«0.75 m,2) 
Leucospermum conocarpodendron 
n = 205 
mean seedlings per parent 0.7 
SE (0.10) 
Mimeles fimbriifolius 
11 = 150 
mean seedlings per parent 1.1 
SE (0.21 ) 
***P<O.OOI 
Large shrubs 
(>0.75 m,2) 
80 
3.2 
(0.70) 
106 
6.5 
(0.95) 
P 
characteristics which might vary among sites: slope, 
aspect, and percentage rock cover. 
Data were analysed using parametric statistics on log-
transformed variables (where appropriate) or nonpara-
metric statistics where transformation was not effective 
at normalizing data. We used mean canopy damage of all 
shrubs present in the 25 x 25-m plot before the fire, as 
an estimate of mean fire intensity experienced by the 
seedbank in open spaces between shrubs. We tested the 
relative importance of pre-burn plant size (log mean 
canopy diameter), pre-burn plant number (log trans-
formed) and local fire intensity in predicting seedling 
recruitment by forward stepwise selection of indepen-
dent variables in a multiple regression analysis (using 
ST A TG RAPHICS statistical software for micro-
computers). 
Results 
Fire intensity class and size were recorded on 285 L. 
eonoearpodendron and 256 M. fimbriifolius shrubs in a 
total of 25 plots. All sites were in relatively homo-
geneous, open areas (slopes <5°, rock cover <30%) 
where the shrubs were not protected by rocks or 
boulders deflecting fire heat (ef. Taylor 1984). 
Nevertheless there was considerable variation in canopy 
damage from one sampling locality to the next within the 
same fire. The main cause of this variation appeared to 
be local variation in shrub densities and biomass. 
Therefore fire intensity, as measured by the mean 
canopy damage rating, was related to fuel mass as 
measured by the sum of pre-burn canopy areas (r2 = 
0.52, df = 21, p<O.Ol, Figure 1). It was not significantly 
related to the mean size of the individual shrubs 
(r2 = 0.165, df = 18, NS). 
Seedling numbers within the canopy area of burnt 
individuals were positively correlated with shrub size in 
both L. eonoearpodendron and M. fimbriifolius (Table 
2). However the presence of seedlings was strongly 
dependent on fire intensity in both species. Seedlings 
were very rare under intact canopies but were common 
where the canopy had been destroyed (Table 3). This 
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Table 3 Relationship between canopy damage and 
number of seedlings under the canopy. See Table 1 for 
canopy classes (1 = least fire damage, 5 = most fire 
damage) 
Canopy damage class n Mean SD 
Leucospermum conocarpodendron 
64 0 0 
IT 22 0 0 
III 27 0 0 
IV 63 1.3 2.18 
V 97 3.0 5.68 
Mimetes fimbriifolius 
T 76 0.33 0.80 
TI 21 1.19 2.99 
III 53 4.62 8.91 
IV 85 5.83 8.76 
V 23 3.48 4.84 
dependence of seedling recruitment under plants on the 
level of canopy damage was apparent both within and 
between different stands (Table 4). 
A positive relationship between seedling number and 
canopy damage was also found for seedlings occurring in 
the open patches between shrubs for both L. conocarpo-
dendron and M. fimbriifolius (Table 5, Figure 2). Results 
of the stepwise multiple regression indicated that for 
both L. conocarpodendron and M. fimbriifolius, canopy 
damage class, representing fire intensity, was the only 
variable retained (F = 4.0 for inclusion) in the final 
model (Table 6). Therefore, although fire intensity is 
correlated with the sum of shrub biomass and so, presu-
mably, seed density in the soil, the best predictor of 
seedling numbers is intensity. 
Discussion 
Several authors have noted that large-seeded 
myrmecochorous species are particularly good at 
surviving very intense fires (Richardson & van Wilgen 
A 
22 
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18 
16 
1.5 
Leucospermum Open Sites 
2.5 3.5 4.5 
Fire class 
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Table 4 Fire damage versus seedling recruitment 
under parents. Values are means, medians and stand-
ard errors in 25 x 25-m plots. Statistical test = t test on 
log transformed seedling densities 
Species Cool burns Hot burns P 
Leucospermum conocarpodendron 
n = 6 6 
mean seedlings under canopy 0.1 2.5 
median 0.1 2.2 
SE (0.06) (0.87) 
Mimetes fimbriifolius 
n = 7 7 
mean seedlings under canopy 0.8 6.9 
median 0.2 4.4 
SE (0.53) (2.38) 
**P < 0.01 
1986; Musil & De Witt 1990; G.J. Breytenbach pers . 
comm . 1986). Richardson & van Wilgen (1986) for 
example, reported that myrmecochores were conspic-
uous after extremely intense fire in felled Hakea stands. 
Our study appears to be the first to document the 
deleterious effects of low-intensity fires on recruitment 
of Proteaceae from soil-stored seed banks. 
There are several possible explanations for the 
relationship between intensity and seedling regener-
ation. The stepwise multiple regression eliminates the 
possibility that seedbank size co-varies with canopy 
damage since the variables 'shrub density' and ' mean 
shrub size' are rejected in the final regression model 
(Table 6) . Another alternative is that seedling mortality 
after germination (and before our census) varied in 
inverse proportion to fire intensity but it is difficult to 
envisage a plausible mechanism. 
The most likely explanation for the fire intensity effect 
seems to be that seeds failed to germinate after low-
intensity fires. Why should this be? There is a large body 
of work on the germination of Proteaceae seeds, some of 
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Figure 2 Relationship between canopy damage and per capita seedling regeneration in open sites, Cape Point. See Table 1 for 
canopy damage classes (1 = least, 5 = most damage). A = Leucospermum conocarpodendron, B = Mimetes fimbriifolius. 
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Table 5 Fire intensity versus seedling numbers in 
open space unoccupied by Mimetes or Leucospermum 
before the fire. Values are mean seedling counts, 
medians and standard errors in 25 x 25-m plots. Cool 
burns are sample plots with a mean canopy damage 
class <3. Statistical test = t test on log transformed 
seedling densities 
Species Cool burns Hot burns P 
Leucospermum conocarpodendron 
n= 6 6 
mean seedlings in open space 8.5 135 
median 10 75 
SE (2.26) (63.4) 
Mimetes fimbriifolius 
n= 7 7 
mean seedlings in open space 19.4 129 
median 21 114 
SD (6.43) (37.6) 
**P < 0.01; *P < 0.05 
which attempts to explain patterns of germination 
observed in nature. Dormancy is imposed by the seed 
coat and also, in some species, by the embryo (van 
Staden & Brown 1977). Dormancy can be broken by 
cold temperature stratification, raised oxygen levels, 
mechanical scarification or changes in the diurnal 
temperature range. Brits (1986, 1987) has suggested that 
the main constraints on germination in Leucospermum 
cordifolium are suitable temperature and oxygen 
conditions. This species responds to large diurnal 
temperature ranges typical of unshaded (burnt) soils in 
late summer and autumn. Germination cues triggered by 
soil temperature range might explain why seed germina-
Table 6 Stepwise regression analysis of log seedling 
densities in open patches as the dependent variable 
and shrub size (log mean shrub area), mean canopy 
damage class and log parent density as independent 
variables. F to Enter the model = 4.0 
L. conocarpodendron 
Variables in model Coeff. F-remove Variables P. Carr. F-enter 
not in model 
Mean canopy damage 0.357 17.4 log mean area 0.450 2.29 
log density 0.095 0.082 
log seedlings = 0.3315 + 0.357 (mean fire damage c1as~); R2 = 0.635 , 
adjusted = 0.60 , P = 0.002 , standard error of estimate = 0.416 , 
Durban Watson Statistic = 3.005 
M. fimbriifolius 
Variables in model Coeff. F-remove Variables not P. Carr. F-enter 
in model 
Mean canopy damage 0.371 8.17 log mean area 0.249 0.73 
log density 0.161 0.29 
log seedlings = 0.4335 + 0.371 (mean fire damage class); R2 = 0.405, 
adjusted = 0.355, P = 0.014, standard error of estimate = 0.576, 
Durban Watson Statistic = 2.165 
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tion failed under unburnt Leucospermum conocarpo-
dendron and Mimetes fimbriifolius canopies. The 
shading of soil by these un burnt canopies would 
probably reduce the diurnal temperature range below 
that optimal for germination . However this argument 
does not explain the poor seedling regeneration in open 
areas. The sparse restioid and ericoid vegetation in the 
'open' patches had burnt cleanly and there was no 
evidence for soil shading by unburnt or partly burnt 
plant parts in low-intensity fires. There is no evidence, 
up to now, that soil-stored Proteaceae seeds require a 
heat pulse such as some hard-seeded Acacia seeds, for 
germination (Brits 1986, 1987; cf. Blommaert 1972; 
Jeffery et al. 1988). However the results of our study 
strongly suggest the existence of a 'heat pulse' cue for 
germination. The most plausible mechanism would 
appear to be a change in soil oxygen linked in some way 
to fire intensity (cf. Brits 1986). Other possibilities 
include germination stimuli from ethylene and/or 
ammonia released in smoke (van de Venter & Ester-
huizen 1988). Clearly more research is needed to explain 
this intriguing pattern. 
The results of this study suggest a curious paradox for 
fire management of these species. Cool, safe, low-
intensity fires, the most favourable in terms of their 
control ability , will generally result in high survival of 
mature M. fimbriifolius and L. conocarpodendron 
individuals but seedling recruitment will be poor. Hot 
fires cause heavy mortality of established plants but 
appear to be the only means of stimulating substantial 
seed germination and seedling establishment. Therefore 
the manager is faced with the dilemma of the cautious 
safe option with gradual attrition of existing adult 
populations or the odd devastating wildfire which , while 
destroying mature stands, provides the main opportunity 
for population expansion. Clearly, observations are 
needed on the response of non-sprouting species . If, as 
seems likely , they respond in similar fashion to fire 
intensity, then regeneration will be threatened by 'cool' 
management burns. Special measures may be needed to 
ensure adequate seedling recruitment in such cases. 
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